Cystic fibrosis (CF) is a life-limiting autosomal recessive disorder affecting~1 in 2500-4000 Caucasians. As most CF patients have no family history of the disorder, carrier screening for CF has the potential to prospectively identify couples at risk of conceiving an affected child. At-risk couples may consequently choose to act on the provided information and take steps to avoid the birth of a child with CF. Although carrier screening is widely believed to enhance reproductive autonomy of prospective parents, the practice also raises important ethical questions. A written questionnaire was administered to adult patients and parents of children with CF with the aim to explore participants' attitudes toward CF carrier screening and related reproductive issues. The study population was recruited from a CF patient registry in Belgium and comprised 111 participants (64 parents, 47 patients aged 16 or older). We found that more than 80% of all participants were in favor of preconception carrier screening for CF. However, some were concerned over potential negative consequences of population-wide CF carrier screening. Regarding future reproductive intentions, 43% of the participants indicated a desire to have children. Among these, preimplantation genetic diagnosis was found to be the most preferred reproductive option, closely followed by spontaneous pregnancy and prenatal diagnosis. Although the findings of our study suggest that patients and parents of children with CF support a population-based carrier screening program for CF, they also highlight some issues deserving particular attention when implementing such a program.
INTRODUCTION
Cystic fibrosis (CF) is the most common severe autosomal recessive condition among Caucasians. CF affects around 1 in 2500-4000 live births, while the carrier frequency is estimated at B1/30. 1 The main clinical features associated with the condition are chronic suppurative lung disease and pancreatic exocrine insufficiency. Although treatment options for CF are improving, currently there is no cure available. 2 Cloning of the gene responsible for CF in 1989 made it possible to identify carrier couples at risk of having a CF-affected child. 3 As most of the children with CF are born to parents without family history of the condition, it has been suggested to offer CF carrier screening to all couples of reproductive age in the general population. 4 Population-wide carrier screening provides an opportunity to identify couples in which both partners are carriers of CF. On the basis of the carrier status information, carrier couples may then make informed reproductive decisions. Performing carrier screening in the preconception period allows for the highest number of reproductive options, including preimplantation genetic diagnosis (PGD) for selecting CF-free embryos, and refraining from pregnancy. By contrast, carrier screening during pregnancy limits reproductive options to carrying the pregnancy to term or performing prenatal diagnosis, optionally followed by termination of pregnancy if the fetus is found to be affected. [5] [6] [7] Despite clear advantages of preconception screening over prenatal screening, studies have demonstrated a greater uptake of carrier screening by pregnant couples, because this target group is easier to reach and is highly receptive to the idea of screening. [8] [9] [10] Therefore, preconception and prenatal carrier screening are viewed as complementary strategies and both approaches have been supported. [11] [12] [13] In the United States, prenatal and preconception carrier screening for CF has been routinely offered for more than a decade. 14 In addition, population-based CF carrier screening has been available in the United Kingdom, Australia and Italy. 15 However, in Belgium, carrier screening for CF is not yet a standard practice.
A population-wide implementation of CF carrier screening program should be preceded by a careful consideration of the anticipated benefits and challenges. 16 In this regard, it is important to investigate the perceptions and attitudes of relevant stakeholders toward preconception CF carrier screening. Of particular interest are the views of patients with CF and their family members who, because of their intimate familiarity with the disorder, can offer a unique insight into the issues surrounding CF carrier screening and related reproductive implications. As the attitudes of CF patients and their family members may differ from those of the general public, it is important that the views of this community are given due consideration in the discussion concerning CF carrier screening.
Earlier empirical studies have reported positive attitudes among individuals with CF and family members or relatives of CF patients toward population carrier screening for CF. [17] [18] [19] [20] [21] [22] However, most of these studies were conducted more than a decade ago, when therapeutic interventions for CF were less effective than today and the life expectancy of patients was considerably lower. 23 It may, therefore, be interesting to observe whether the attitudes of the CF community toward preconception carrier screening have evolved in parallel with the improvements in treatment for CF and decreased mortality rate. In addition, given the wide cultural and geographical diversity across these attitudinal studies, their findings may not be readily applicable to every local context. To date, no study has explored the opinions of Belgian CF patients and their family members on CF carrier screening.
In this paper, we report the attitudes of Belgian CF patients and parents of children with CF toward preconception carrier screening, as well as their views on reproductive options available to carrier couples.
MATERIALS AND METHODS

Study population
A written questionnaire was administered to CF patients and parents of children with CF. Participants for the questionnaire study were recruited from a register of 157 CF patients in the Department of Pneumology at the University Hospital of Ghent. All CF patients aged 16 years and older who attended the clinic in the period between August and December 2012 were invited to participate. In the case of patients aged under 16, their parents were asked to fill out the questionnaire. An envelope including: an information letter, a consent form, the questionnaire and a reply envelope was handed personally by the nurse. Completed questionnaires were separated from written consents to guarantee anonymity. The study was approved by the ethics committee of the University Hospital Ghent. (For more detailed information on participant recruitment and other aspects of the study design, see Janssens et al 24 ) Survey instrument A structured questionnaire was designed by SJ, CB, IM, ADP, LH and PB to evaluate attitudes toward preconception carrier screening for CF and related reproductive choices. The questionnaire sought to elicit participants' responses to statements related to carrier screening for CF. The statements were developed based on the published literature and covered topics commonly discussed in the context of preconception carrier screening. Participants were also surveyed on their views on practical and organizational aspects of carrier screening implementation, such as preferred timing and setting of a CF carrier screening offer. In addition, the survey assessed participants' attitudes toward reproduction. Those patients and parents who intended to have children in the future were asked to indicate their preferred reproductive solutions for future pregnancies. The last part of the questionnaire addressed opinions on direct-toconsumer genetic carrier testing and has been reported elsewhere. 24 The answers to the statements were provided on a five-point Likert scale, ranging from 'fully disagree' to 'fully agree'.
Time required for completing the survey was~20 min. The questionnaire was pilot tested by a group of experts, including clinicians, social science researchers, representatives from a patient organization, a CF patient and her parents. Comments and suggestions from the pilot group were used to make additional modifications to the questionnaire.
Data analysis
Descriptive data analysis was performed using SPSS 21 for Windows (IBM Corp. Armonk, NY, USA). Five-point scales were reduced to three categories to avoid empty or small cells. Responses 'fully disagree' and 'disagree' and responses 'agree' and 'fully agree' were merged to form 'disagree' and 'agree', respectively. The third category was 'neither agree nor disagree'. Level of education was also recoded to three categories: 'Primary education', 'Secondary education' and 'Higher education'. Age was divided into three groups: o26 years, 26-36 years and 436 years. Missing data were excluded from the analysis. χ 2 -and Fisher's exact tests were used to compare differences between the responses of the patients and the parents (Po0.05).
RESULTS
Study population
In total, 134 questionnaires were distributed to the parents of children with CF and adult CF patients who met the inclusion criteria 24 and could be reached within the time frame of the study. In total, 112 questionnaires were returned, resulting in a response rate of 83.6%. Of the 75 questionnaires provided to the parents, 65 were completed (response rate 86.7%). One completed questionnaire was excluded from the data analysis because it had been filled out incorrectly. Of the questionnaires distributed to the CF patients aged 16 years and older, 47 out of 59 were returned (response rate 79.7%). Demographic characteristics of the participants are described in Table 1 .
Attitudes toward issues related to CF carrier screening Participants' opinions on the statements related to CF carrier screening are illustrated in Table 2 . Overall, 60.9% of the participants believed that the aim of carrier screening programs should be avoiding the births of all children with CF. A higher percentage of the participants (94.5%) considered informing carrier couples of their reproductive risks as the goal of carrier screening programs.
Regarding potential implications of carrier screening, 44.5% of the participants agreed that CF carrier screening will lead to more pregnancy terminations, and 40.9% believed that the identification of carrier couples may cause tensions between partners. In addition, 31.8% of the participants were worried that CF carrier screening may result in less investments into the development of new treatments for the disease. Furthermore, 23.1% agreed that carriers identified through a CF screening program may have difficulties in accessing insurance. However, 80.0% of all participants believed that the benefits of population-based carrier screening are greater than the potential disadvantages. Furthermore, the majority of the participants were in Attitudes toward cystic fibrosis carrier screening S Janssens et al Attitudes toward cystic fibrosis carrier screening S Janssens et al favor of implementing a national screening program, with 85.9% of the parents and 80.8% of the patients believing that preconception carrier screening for CF should be made available to everyone considering pregnancy in Belgium. With respect to past reproductive choices, 82.5% of the parents indicated they would have undergone carrier screening for CF if the test had been provided to them before their past pregnancies and 68.7% would have altered their reproductive plans if they had been aware of their carrier status. In addition, the majority of the participants were willing to take a carrier screening test for conditions other than CF.
Timing and setting of making a CF carrier screening offer Table 3 shows the participants' degree of agreement to the statements about making a CF carrier screening offer. More than 90% of all participants were of the opinion that everybody should be free to decide whether to take the carrier test. Furthermore, more than half of the participants (53.7%) disagreed with the statement that refusing CF carrier screening is irresponsible parenting. With respect to the optimal timing for carrier screening, 86.2% believed the test should be offered to all couples in the preconception period. Screening during pregnancy was acceptable to 72.9% of the participants. In addition, 66.0% agreed to the statement that every newborn should be tested for CF carrier status. Less than one-third (26.6%) of the participants believed that carrier screening should be offered in the last year of secondary education. Finally, all but four participants (96.3%) felt that carrier tests should not be limited to individuals with a family history of CF.
The vast majority of the study population viewed gynecologists and clinical geneticists as the best-placed medical professionals to offer carrier screening (93.2% and 93.1%, respectively), followed by general practitioners (78.4%) and preconception consultation providers (76.3%; Figure 1 ). In addition, midwives were considered as suitable professionals to offer screening by 61.4% of the participants. Less than 10% were of the opinion that screening should be provided by school doctors or practitioners of occupational medicine.
Intended reproductive choices in future pregnancies
Forty-eight of the 111 participants (16 CF patients and 32 parents) indicated an intention to have (more) children in the future. These participants were asked to select the reproductive options they would consider in their future pregnancies (Table 4) . Among the parents, about as many would opt for a spontaneous pregnancy with prenatal diagnosis as for PGD. Two parents (6.3%) opted for spontaneous pregnancy without prenatal diagnosis or adoption. Among the patients with an intention of having children in the future, all favored PGD and two (11.1%) would also consider adoption. None of the patients selected spontaneous pregnancy with or without prenatal diagnosis.
By means of χ 2 -and Fisher's exact tests, no statistically significant differences were observed between the responses of the parents and the patients to any of the statements in the questionnaire.
DISCUSSION
The objective of this survey was to assess the attitudes of CF patients and their parents toward CF carrier screening and issues surrounding reproduction.
We found that most of the participants were in favor of populationbased carrier screening for CF. Support for carrier screening among CF patients and their family members has been reported also in earlier studies spanning the period from 1992 to 2011. 17, [19] [20] [21] Consistently positive attitudes toward CF carrier screening suggests that despite improving therapeutic options and increasing life expectancy, most CF patients and their family members consider the disease highly burdensome.
An overwhelming majority of our study participants indicated that the goal of carrier screening is to inform couples planning pregnancy about their risk of passing hereditary diseases to their offspring. In addition, approximately two-thirds of the parents and more than half of the patients believed that carrier screening should be aimed at avoiding the birth of children with CF. Carrier screening primarily aimed at prevention of the birth of affected children has been considered controversial in the medical and genetics community. Prevention-oriented approach would entail imposition of the screening on the population, which may motivate healthcare providers to Attitudes toward cystic fibrosis carrier screening S Janssens et al increase the uptake of screening and even influence carrier couples' reproductive decisions by discouraging them from having affected children. 25 In order to ensure that carrier screening does not violate the autonomy of prospective parents, it is important that CF carrier screening offer be voluntary, 26, 27 as was also acknowledged by the participants in this study (ie, 490% agreed that people should be able to decide for themselves whether to get tested). Furthermore, there is a consensus in the professional circles that couples identified as carriers of CF should be made aware of their reproductive risks and be informed about available options, but should not be directly influenced in their decision making by healthcare providers. Therefore, it has been recommended that the goal of carrier screening programs has to be limited to the facilitation of informed choices and should not include prevention of affected births. 27, 28 Regarding the potential implications of population CF carrier screening, a considerable number of the participants agreed that CF carrier screening will result in a higher number of pregnancy terminations. In addition, some were worried that at-risk couples identified by carrier screening would experience psychological issues due to the difficult reproductive decisions to be taken. Potential challenges faced by carrier couples clearly underscore the importance of quality genetic counseling to ensure that these couples are wellinformed and psychologically supported in their reproductive decision making. 29 Notably, a considerable number of participants believed that CF carrier screening may lead to less investments in developing new treatments for CF. This belief could be based on the assumption that population carrier screening will result in a significantly lower incidence of CF, which may diminish both commercial and public commitment to developing treatments for a progressively lower number of patients. Although it is difficult to predict the long-term impact of CF carrier screening on the development of new therapeutic interventions, efforts need to be made to prevent any negative impact on the care of patients with CF. This can be accomplished by fostering a cultural, legal and healthcare framework that ensures adequate support for disabled persons after birth. 30 In addition, economic and tax incentives could be provided to promote continuous medical research into CF. Of note, concerns over the possible negative impact of carrier screening on CF patients were largely limited to the possibility of diminishing investments in CF research -most participants did not believe CF carrier screening would devalue the lives of people with CF, which is encouraging. Finally, some participants were worried that CF carriers may experience difficulties in obtaining insurance. Although considered unfounded, 31 concerns over insurance restrictions to carriers are not uncommon, even among healthcare providers. 32 This may indicate a need to better educate all stakeholders within the society on the meaning of carrier status as well as to adopt appropriate public policies for precluding any discrimination against carriers of CF. Importantly, despite some concerns over possible negative implications, most participants in our study believed that benefits associated with CF carrier screening outweigh potential disadvantages.
In our study, the preconception period was found to be the optimal stage in life for carrier screening, followed by screening during pregnancy. This finding is in line with the results reported by Maxwell et al, 19 where preconception screening for CF was also preferred over prenatal screening. Furthermore, in other studies with the general public, patients, relatives and potential providers, screening before pregnancy was considered preferable. 12, [33] [34] [35] To our knowledge, only one study, published in 1994, reported significantly higher support for screening during pregnancy when compared with preconception screening among CF parents and patients. 17 We also found that most participants were in favor of performing CF carrier screening in newborns. Detection of carriers through newborn screening could offer some benefits from a public health perspective, such as subsequent testing and identification of at-risk couples or informing family members about their risk of being a carrier. 36 However, as carrier screening has predominantly reproductive implications, the procedure is of no immediate benefit to the newborns themselves. Moreover, early identification of carriers may deprive them of the possibility to make autonomous healthcare choices by deciding whether to take the test later in life. 37 Attitudes toward cystic fibrosis carrier screening S Janssens et al
Regarding participants' preferences for the potential providers of carrier screening, gynecologists and clinical geneticists were seen to be the best placed to provide the offer, followed by general practitioners and preconception consultation centers. This may suggest that our study participants place great importance on the potential providers' expertise and ability to counsel patients about various aspects of CF carrier screening. Although offering CF carrier screening by wellinformed medical professionals is desirable, due to limited resources, it may not be feasible to provide the test through clinical geneticists to the population. 39 Moreover, it has been demonstrated that other healthcare professionals, including gynecologists and GPs, often lack sufficient knowledge about genetics and genetic tests. 40 In order to successfully implement a population CF preconception screening program, it will be necessary to improve genetics education among healthcare providers.
Finally, our study also explored future reproductive intentions of the participants. Among the parents who were planning to have more children in the future, the most preferred reproductive option was PGD, closely followed by spontaneous pregnancy with prenatal diagnosis. Among the patients, all selected PGD, whereas two patients were also open to adoption. The finding that no patient intended to have a spontaneous pregnancy could largely be explained by the fact that most CF patients have fertility problems. 41 Preference for PGD also illustrates that the patients and parents considering pregnancy have access to preconceptional genetic counseling and are aware of the reproductive options available to them.
With respect to the intended use of reproductive technologies in future pregnancies, the findings of our study differ from those reported earlier in the literature. For example, a study performed in the Netherlands more than a decade ago found that 76% of the parents with CF-affected children would use prenatal diagnosis in subsequent pregnancies, whereas only 18% would consider other options, such as artificial insemination and PGD. 18 Likewise, a survey carried out in the United States in the late 1990s reported that 70% of relatives of CF patients would utilize prenatal testing if both partners were found to be carriers. 22 PGD was first performed for the prevention of CF in 1992 (ref. 42 ) and has since been increasingly practiced by carrier couples. A recent study found CF to be the most frequent indication for PGD. 43 With the ongoing improvements in reproductive technologies, it is reasonable to expect that a growing number of carrier couples will choose PGD in the future.
Strengths and limitations
Despite the sensitive nature of the research topic to the participants, a high overall response rate of 83.5% was observed. This may indicate willingness of CF patients and parents with affected children to be actively involved in, and contribute to the research centered on CF. The principal limitation of this study is the fact that its participants were recruited from a single CF patient registry in Belgium. Therefore, caution needs to be exercised when attempting to generalize the findings of our study to the entire CF community in Belgium. Furthermore, performing the study at a single medical center resulted in a relatively small sample size, which did not allow for more in-depth statistical analysis.
CONCLUSION
In conclusion, our study found that preconception carrier screening for CF is supported by most adult patients as well as parents of children with the disorder. The findings of our survey, also supported by earlier empirical studies with the CF community, suggests that the implementation of a population-wide CF carrier screening will be welcomed by most CF patients and their family members. However, some participants in our study were concerned that population screening may incur negative consequences for both couples at risk of having a CF-affected child and patients currently living with the disorder. These concerns underscore the importance of providing a suitable cultural, legal and healthcare context that can safeguard against possible negative outcomes of CF carrier screening programs. In addition, it is essential to ensure that all at-risk couples identified through the screening program have continuous access to both high quality genetic counseling and reproductive technologies such as prenatal diagnosis and PGD.
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